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JANUS is a twesided interactive color Sraphic eimulatiori
in which humsn “cwmmsnders- can direct their forcee, each try-
ing to accomplish their mission. This competitive synthetic
battlefield is used to explore the range of humsn ingenuity
under conditions of incomplete information about ●nemy strength
and deployment. Seth player can react to new situations by
planning new unit movemente, uains conventional and nuclear
wsapone, or modifying unit objectives.

Conventional direct fire among tanke, infantry fightiwg
vehiclee, helicopters, and other units is ●utomated eubject
to constraints of target acquisition, reload rate, renge..
suppression, etc. Artillary and miseile indirect fire system-
delivsr conventiomsl munitions, emoka, ewd nuclear we.apwns.
Plsyer8’uee reconnaissanceunits, helicopters or fixed wing
aircraft to search for enemy unit locations. Counter-bsttery

6 radars acquire enemy artillery.

The JASILSeimulatiou et LLL haa demonstrated the vslue
of the cemputer as a sophisticated blsckbmrd. A small
dedicated minicomputer iB adequete for detailed calculations
and my be preferable to shsring a more pnwerful machine.
Real-ti= color interactive grsphics are ●ssential to allow
realistic commsnd decision inputs. CXsspetitivehtnus*versua-
humsn synthetic experience sre intense and well-remembered.

Introduction

The purpose of ● simulation is to model the essential
element- of ● problex adequately ao as to provide informat-
ion tbst la valid vithin the context of the problem being
●ddraaaed. For e~ple, wsspnw or aircraft design codes do
not exactly or completely oodel raality ●nd yet they provida
usefu2 Inforsstion to the deeignar. Hilitary field axercises
during peacetime ara ●lao a form of emulation. Eere the
elemant of fear la miasins but this does not negate the
wafulnaaa of the simulation to the problam.

JANUS hsa been developad to aimulata a tacticel
nuclear bsttlafield for gaining inaighte about how the
uee of nuclear wwapona changas the face of bsttle. lhe
●aeential ●lemsnta of this problem are thst terrain
info~tion be availabla, thst more than one simultaneous
viewpoint be considered, that a variety of scemerios bs
generated, and thet the ●wslysts be involvad in the
bettle dynsmics.

w?
Tha daciaion to activ~ involve h-n input in all

●spects of the mwdel hes lead to a strong smphssis on
gr=phica. The cemputer provides a powerful “blackbeard-
for ●uppwrting the information storaga and manipulation.
The camputer graphica provida the hrnsn link. Reeulta
of tacticsl deciaiona are immediately apparent and players
can try many ‘whst if- alternative decisions.

●

Simulation Fundamantala

JANUS la a tww-sided interactive color graphic simulation
* in which humsn c-ndars cmn direct their force-, each try-

ing to ●ccomplish thalr mission. Por efficiency, the Ibnte
Carlo code la event driven rather thsn wn discrete time
stepe. Since a “run of luck- in randnm acquisition/kill
probsbilitiea can be determinative of the wutcmc, several
similar rum are necessary to have confidence in the out-
come atatiatics

The terrain la craated from digitized data tapxa from
the Defense IlsppingAgency. For storage efficiency, ths
following terrain ioformstion 16 stored in ths ●ams word ●s

each digitized elevation point: Foliage or city density,
terrain destruction (rubble or blov-down), and preeence of
fire or smoke. .

Scenario building with JANUS is user oriented. Players
select scaled terrain from 10 km x 10 km to as large aa 200 k
x 200 km. Complate scenarios may be created interactively
prior to running the model. Scensrios vary frem small units
to aa large ss a divisiOWBize force.

At any point in time, play of a simulation may be
‘frozen- on disk; later, players may “back-up-
in time to try alternative decisions. Tha rs.sl-time,inter-
active nature of JANUS allows playera to explore a variety
of tactics and weapen syetems.

Computer Graphica Fundamentals

‘fheConflict Simulation Lsbnratory (CSL) at LLL (aaa
figure 1) consists of a Varian 16-bit minicomputer driving
an Aydin frame buffer display system and interactivedevicaa.
Tha mini-ccsuputer18 a eingle user system se vnly one simu-
lation rune at any given time. Ssch simulation msy uae up
to 160,000 worde of memory by multi-tasking; each task is
limited to 32,000 words. The display ayetem controle two
512 x 512 x 6 bit raater picturaa. Input is frm a graph
t.sblet,a function bnx, and the keyboard.

me graphic eoftware la written in aeeambly language
and FfXtTSM. It is devicedependent, specificallywritten
for the Aydin, the Surxmagraphicstablets, and the “hma-
built- function boxee. Most high level graphic functions,
such ae menu selection or dragging, ara contained in tha
application itself.

The physical layout of CSL is shwwn in figure 2. There
ara two identical wrketations, each in a aaparata room and
a diaplsy area for controller or viewers who can aimu2-
t.snawualyobearve both player perspectives.

Sitmlation Uae of Graphics

The two color diaplaya allww two Independent views of “
the bsttlefiald. Color la ueeful in diatiwguishingparsmeter
which are meaningful conditions -- tarrain contours, roads,
rivers, foliage, cities, military units, and battlefield
affecta. Tww-aided views aid in mmdaling the influance of
competition. Interactive devices allow humsn versue human
reections. The display update la continuous ●xcapt when a
scenario is atopped to allow huxsn c-rid inputs.

‘he buLk of the Sraphic output involvae line drawiog,
points, and chsracter plotting. A.21data ie displayed ●s
2-dimensioosl although some of it is stored and manipulated
as 3D. llinimeluse of conic sections are employed snd only
circles (as opposed to ovala, parabolaa or hyperbolaa)are
used extensively. For exsmple, in JANUS, ●n ●xplosion is
represented by ths rapid display of a sequence of circles
of Increaaiwg radius.

Programcble chsractera are used to display military
units (tanks and helicopters). Such objecte are dynsmic in
thst they change position frequently. All terrain infomst-
ion ia displayed by uae of points or lines (trees, cities,
smoke, or fires. As opposad to moving programsble char-
acter, forest blowdown occurs lees oftan and is dieplayed by
drawing horizontal lines instead of dot~.

lhree bssic typea of input are used moat frequently.
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The function keybo ●rd is used to enter different modee of
operation or displsy. Light buttons or menus are provided
nn the display screen to enter different males of operation
within a selected function. Pick operations (or entity
detect) ●re used to drag an object or to create a rubba~
banded line.

User Interactivit~

Movement commands illustrate the waya in which humans
interact wfth an ongoing game. A pleyer pushae a fmnctlon
bmx button labeled “PLAN” which halts the simulation and
displays ● picture of the currently operative future
objectives. &oup objectivas are connected by line segments
●o that the player can:

1. Adjust objective pneitione
Md new intermediate objectives

:: Extend the path by adding new objectives
4. Cancel orders by ❑erging objectives

Such “rubber banding- functions can be perfomed siml2t-
●neoualy on ae many ●s five groups.

An alternative ‘uaita- interaction mode can be menu
selected which allmwa redirection of the constituent units
of these groupa. The unit objectives are in coordinates
relative to the (absolute)group nbjectIves. IIIisallowa
the playerg to plan the time evolution of unft “formatlone-
as the grcup command objectives detenuine the large scale
f10V of an ●ngagamant. Tlm cnde computes approximate timas
for achfeving thaee wvament goala and combines unit and
group objectives by a “vector SIM- rule.

When the simulation is reeuned, units and groups
attempt to accomplish these scheduled mevemcnts in either
of twm modes:

1) Subject to terrain, cover and engagement
conatraiots, but along direct path segments.

2) A2eo ●llowing diversions to avoid obstacles snd
take Mmfted advantage of made.

In ●ddition to the ‘FLAS- mode of interactIvity. PlaYera
can ●lso select:

REPORT - to display the liner deployments of
“elements- of ● unit and bring up a current statua
report on each unit.

AUKJ FIRS PLAS - to cause the cede to do target
planning on the baeiB of ● ‘value map- of acquired
targets.

SUCLSAR FIRE PLAS - to allows the player to manually
“drag out- nuclear rounds frcm available source
units and direct them at ●nemy units.

CONVESTIOSAL FIRX PLAS - to allow the player to

manually ‘drag-oait- conventional indirect fire frem
●vailable snurce unite, such es artillery.

DISK 1/0 - to allow “instant replay- of a previously
stored scenario, picking up the action frum a
specific pmint in ti-.

Study utilization

In January-Fabruary 1980 a aeriea of wargames were

conducted by three analyste in an attempt to meaaure out-
ccmea aa available wsseta varied between scenarios. Players
synthetically ‘livad- a total of 30 wargwna, each requiring
1-112 to 2-1/2 houra of ccmputer time.

The study provided a rlgoroua test of JANUS in ita
ability to go beyond allowing playera to visualize battle.
A methodology was developed to measure differences in out-
ccmea as the aasete available to playera varied. Succeaa
for playera depended on mission completion - not solely on

attrition statistic.

The methodology waa designed to compcn.eatefor variable
degrees of player experience by variation of pairs of players
OpPOatW each other and by alternating aides. The tactica
used by the playera were not constrained to “doctrine”and
the free play reeulted in a wide variance in outconase-
prlmarfly due to the tactics of the playera.

..
The interactivity and flexibility of the code allowed

this methodology to be practicable. In eeaence, 30 co-
pletely different wargames were conducted. P1ayers were
able to continually direct their forces as each engagement
occurred. Playera strived to add a ve~ important ingredient
into their tactica — surprise. To achieve this, players wer
able to teat their creativity and imagination. Often their
plans proved futile and resulted in failure, however, each
plsyer learned from his failures beceuae he waa able to
visuslize the “battle” and learn the cauaea of his failures.

Observations

The choice of information to dlaplay emphasizes only
certain aspects of the behavior being simulatad. AS the
attempt to involve the human Increaaes, BO does the desire
for “realiam.- A simulation such as JANUS la then faced
with the problems of a cluttered display with ever increa~
ing amuunt of information to present.

As with any computer simulation, the graphic aimulationi
are highly dependent on the clear understanding by users of
the underlying ●sauaptions. In fact, the graphite may tend
to exaggerate a problem by allowing the user to feel comfort-
●ble that he/she la seeing everything. Sovice playera may
make misleading concluaione aa a result of aaa-ing or ISUOP
ing nowexiatent parameters.

JANUS contains aeveml aimplificationawhich may not be
immediately obvfmus. Autnmated conventional fire la directec
at the cloaeat enemy threat. When aymbmla are played as

aggregates. such aa ten tanka, the interactions of fndividua~
eleeenta must be “sampled” rapidly in tima. Viaual acquiait-
iooe require line-of-sight but are probabilistic. IJmited
numbcrn of “units” (40) limit the scale of the engagcmant
nmmally to brigade level.

Cuncluaion

JANUS haa been ●ble to compete with simulations run on
large mairf rama crnputera, even thought it runa on a modest
mini-computer. This experience auggesta that it is often
preferable to have ftallcentrol over ● small dedicated
machine rather than to cnmpcte for large machine time. The
contributing factors seam to bc:

1) A small mini-compmter ia adequate, in both memory and
CPU speed to mn a aophiaticated emulation.



.,

-3-

2)
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,

Graphics interactivity requires at least a minimal
real the 10CAI CPU capability to handle user inputs
●nd fast display devices.

lhe bardwarefsnftwareconfiguration of a dedicated
machine can be optimized for the particular
application.

The fact that amalysts are able to visualize the
battlefield situation, to c-pate in timely
decisions and to play a variety of combination has
aided study of the integrated nuclear conventional
battlefield. l%e essential elements ara Dreaant for
Intense competitive experiences, atirnula~ingthe beat
efforts of humeri ingenuity.

..
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